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Poor response and outcomes usually observed in IVF
(in vitro fertilization) treatment cycles especially
in advanced women. We developed non-invasion method
to evaluate maturation of quality of embryos. The
purpose of this study is to research on signal
transduction pathway and telomere length in human
cumulus cells affection on embryo quality. A total of
25 IVF cycles were separated two groups by different
embryo quality from Aug 2012 to Jul 2013. We
investigated affection of cumulus cells derived
embryo quality on FSH receptor, Androgen receptor,
different signal transduction pathways and telomere
length. Human cumulus mass surrounding oocytes were
removed soon after oocyte recovery for analysis but
the oocytes retained sufficient cumulus to allow
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normal fertilization. We analyzed the relative
telomere length of cumulus cells by PCR methods. The
signal transduction pathway was tested by addition
inhibitors and analyzed by immunostain. We cultured
cumulus cells and added different inhibitors to block
their signal transduction pathway. The interaction of
their MAPK signal or STAT3 signal transduction
pathway was analyzed using immunostain. Total protein
expression of Erk in cumulus cells decreased by U0126
and PD98059 inhibitor. The relative telomere length
was longer in cumulus cells from good-quality embryos
compared with cumulus cells from poor-quality
embryos. We suggest the MAPK signal transduction
pathway may affect the embryo quality. The relative
telomere length in cumulus cells of oocyte collection
was predictive of highly competent good-quality
embryos.

cunulus cells, telomere, hormone receptor
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Research on mechanism of hormone receptors and telomere
length in human cumulus cells affect on oocyte maturation and

embryo quality
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English Abstract and keywords

Poor response and outcomes usually observed in IVF (in vitro fertilization) treatment
cycles especialy in advanced women. We devel oped non-invasion method to evaluate
maturation of quality of embryos. The purpose of this study is to research on signal
transduction pathway and telomere length in human cumulus cells affection on
embryo quality. A total of 25 IVF cycles were separated two groups by different
embryo quality from Aug 2012 to Jul 2013. We investigated affection of cumulus
cells derived embryo quality on FSH receptor, Androgen receptor, different signal
transduction pathways and telomere length. Human cumulus mass surrounding
oocytes were removed soon after oocyte recovery for analysis but the oocytes retained
sufficient cumulus to alow normal fertilization. We analyzed the relative telomere
length of cumulus cells by PCR methods. The signal transduction pathway was tested
by addition inhibitors and analyzed by immunostain. We cultured cumulus cells and
added different inhibitors to block their signal transduction pathway. The interaction
of their MAPK signal or STAT3 signal transduction pathway was analyzed using
immunostain. Total protein expression of Erk in cumulus cells decreased by U0126
and PD98059 inhibitor. The relative telomere length was longer in cumulus cells from
good-quality embryos compared with cumulus cells from poor-quality embryos. We
suggest the MAPK signal transduction pathway may affect the embryo quality. The
relative telomere length in cumulus cells of oocyte collection was predictive of highly
competent good-quality embryos.

Key Words: cumulus cells, telomere, hormone receptors
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¥rerimiz 4 £ > 2972 bz ek~ (apOpLosis)F B o Rk imrE T A 4 i £ T
+ » )4 transforming growth factor > activin % inhibin 2 & %5 €48 4 ;& FSH %
LH-> d FSH #3fksm?2 2 4 insulin-like growth factor I - Il 2 binding protein
(#1;% oestradiol % androgen # # ) - interleukin|  (#r#] luteal cells & 4
progesterone) > ¢t *t B3 transferrin (B = ic 7 i 2 H AN BB R LA e
e erie ey 5 M) ¥ b ipklmre s 5 A integrin 2 2 collagentype IV 2 %
G B R BT B e A LB M Al b P %y BF AL
Sfdmre ¥k m B CRe F  cnF 4 & 3 Kitligand, Leukemiainhibitory
factor(LIF) - £ —“Ff N I NASA A N N T I LAV i N A ) 3
*ArREk dmre @ B RGP je F v enF) S R Basic fibroblast growth factor(bFGF),
karetioncyte growth factor (KGF),Bone morphogenic protein-4 (BMP-4), Bone
morphogenic protein-7 (BMP-7) = Cai % & % »+ 2007 3f ¥-ijie f1pc% <44 R E
27 9p & F i (ovarian response) = It 4p B > Feuersteiny % 4 4 2007 # » 4% 1A
RAE R mre cnfic B A T A B P ARG B 2 A F] 2 35 Acute Regulatory
protein(STAR), Cyclooxygenase 2 (COX?2), Stearoyl-Coenzyme A Desaturase 1 and 5
(SCD1 and SCD5), Amphiregulin (AREG) » & £_#& 2 = 2 B2 P58 ¥ & o
McKenziem *+ 2004 & #% 1 1§ jp| 108 & A #7 P+ % F3pkwre chhA F1 A > F IR
PTGS2, HAS2, GREM1 * 12 3¢ p| "2 75 e 7 {45 - Hasegawa *+ 2005 # 3% ) #%
PR iR dmie ¢ F Bl E X B8 (progesterone receptor) £ L "E X pEF > 2
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b T e s R mre o ZfAH R AL RE F(5A
cytochrome P4A50  aromatase it * # # 17s-oestradiol ;E2)> & # # £ ¥+
(growth factor):¥ ¥ r fm Pz 2 £ 5 27 9Pe Pz ek = (Qpoptosis) 7 M o REfdw
it g 4 aid £ %3 b4 transforming growth factor - activin 2 inhibin 33
g T L4 FSH 2 LH o d Jgie T2 §lacsgkmiz 2 4 insulin-like
growth factor I > Il % binding protein (#];# oestradiol % androgen # # )
interleukin | (#+41 luteal cells # # progesterone) » #* “t & 5 transferrin (# #
T A BRI EB I R e s e E T G M) ¥ MR
g e Ak integrin2 2 collagentypelV 2 #genim®e B 57> 2@ 5 &2 nve [
SRl L BEG M omF S b b SR BT A2 IR e ke J e
# 7 0%+ w3 Kitligand, Leukemiainhibitory factor(LIF) - &£ # » % g p »
WGBS H B A e A2 e PR R B o m (B N RER e @ B AR GR e
# 5 0%+ B3 Basic fibroblast growth factor(bFGF), karetioncyte growth
factor (KGF), Bone morphogenic protein-4 (BMP-4), Bone morphogenic
protein-7 (BMP-7)-Cai % # % »: 2007 4F # e Tljpch S LA ME L PR F
f&(ovarian response) = i+ 4p B > Feuersteiny % 4 & 2007 & 3% S/ L2 A 5p
Sk dmre cnfic B A FIA R E P X35 B iz A F] e 35 Acute Regulatory
protein(STAR), Cyclooxygenase 2 (COX2), Stearoyl-Coenzyme A Desaturase 1
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LR e ¢ 3 E PRI A A L E sz fh > CKB 2 PRDX2 ¢
2R EHF N AEEFSI R DY AT o a e BAFIE G E K
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7R ika PRI D o
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HERPEF e 4en 2R BEH o n 2R S HAS LR A RES
Mo ke TR &2 progesterone 2 X AR EH I SR AP BN T ]
Iflé ApE A BRI R XA R E T2 FIRE 2 X g
SR Mk XM edp M2 p e Tl F receptor 2 LH receptor &
%ﬂu GRS KR er 3 B R ek fw e B A RE R adB > A ke
2. Androgen receptor A FIR| e FaF e A R ERE T R 2 4
Boon kLR e r? NIRRE- AR
4. e flEE A LBz H X2 AR
T TlEp 2Pk aniet 1 8 FHFEIER 0% L g ogF B Herie §|
FELMBEEREFLEY > JRe T EFLMIE G Fd pE- 4] 2
B ERE TR % CAMP A, 2 5 d B 1 3% jefis A (protein kinase A)
@7 52 MAPkKinase/ERK kg (73 4 @if 4 5 apddp 8 @i io
PFET® F-v jcfs B (protein kinase B) 2 #-v jifF C (protein kinase C) » izt
B S8 R B 2 R AR S T R B R B 4R BMP2
(bone morphogenetic protein) ¢ i% & p-SMAD-EGF/BTC 2 pERK % 12t /g e
1% % %8 mRNA 4 2.(Haugen et. Al., 2010) » EGF(# 4 4 £ F]5) ¢ £ 4
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@*’gmﬁ P dmre N BLIREL B R 0 (B - B IE T ER e 4 BT
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(2) Ras/Raf/f MEK/ MAPK B % 5 (3) STAT B4 & 4 £ 7|5 @i ot
e il e 43 ‘g%:}"”’g ECLER D Sl S OF 1R LERL S BT
i RTA M S i ez e 2 HEAS i 4 (Pang et dl., 2007; Kang et dl., 2008;
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Mogcd 22 st e E X A (Androgen receptor) 2 2 % & {8 Al i E X
B3] = FAR S(dimerization) » ¥ &1 ¥ - F k9 B £ LAY FAF
Ef o AR EE gz g X B DM aze gk E X BiE ) wre
¥ 353 DNA L} 3% z_shandrogen response dement(ARE) & 7] 18 fxds T #5en
AFRIRIEY o AfFenze M g2 XML T AXE W gll-22i- %
2o %5 F8Fexon, Heexont§ A AIA=WMEREN YR
(polymorphic trinucleotide repeats),i & = CAGE GGCHE 4F £ > & % €
¥ = 5 7w eopolyglutamineZ? polyglycin:s#4 »< g (Lubahn et a., 1988) -

I ¥ CAGE 4 & 5= .4 14~255 CAG‘E‘%E PERERE L BB
'f Daay Bapi ¥ sl e e o B e i g B¢ ¥ GGCE A4 B 7|k #k
$16-18=% » GGCE 4 * FrE R EHCAGH s fale v ¢ f » BB ;,%r% 2]
i Ry B2 ]b’L/}i"% }W B A £ (Dachengetd., 2005) » ¢t #h 2 78 i suif
BIFl R XL P ahsiopi(serine) 81, 308, 650 ¢ F mEfL it e
% (lan et al., 2010) ﬂ“ﬁ F g i g Wl ime ¥ itk XM g5
d PIBA/AKtepe j5 @ v i o %ﬁ?ﬁ%ﬁifh Ser213/210 and Ser791/790 % i
LPL BT o TN E A T b A e ¢ e iR ch L T S A2
FLAE TN FIF A PR e e g 2 XA T AP TS AR
R R sy S

6. ik E RE A 5 L S

oG L Prine AR A S MR- BHEARRHE J 3k DNA e
2l kv (telomere binding protein)t&ab » 2 DNA i #§ H 0 TTAGGG
TAFR 7 A EE R X 5~15kb, # & JB S 1E R v ’Fﬁﬁ fo 0 B A
ﬁ;’ﬁ—%‘"*’z‘r}é"%li’p WMo MASRBE - T4 BFLIHET T
FERAd M pds A7 “'E?‘ |80 d 3t DNA A4 A7 = > 0 i3
AR - wmi s A R bEERAY < ol e Rl - TS
AES (SR :’%n‘JJ’tf} % tmve e mitotic clock o =4 F 4 ¥1 F X
G2k S d Olovniko » 1973 #4305 % A 84 ¢ WA=y
DNA o3 4 pF ¢ i8¢ fmve @ b 'wre ¥4 > 1990 & Harley % ¢ £
fnPe F X Ep R R 0 TR A F e cnA B A i ,ﬁrﬂﬁfr ) j;'ij ke
Pl- ARG A AFE AN ER e 3 B A K G ER ok
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AR E R SRR R DR Fllmre & B pE s A HAFH -
TEEBHPE - Swe sk ERARXF R pd A(free
rdicals) % c0i 3 @ g ok U F et ponF RN 4~ MR VA &
BorilEy 3 (H202)frdr T A F12 2T g e mie P B 1L & 3
(reactiveoxygenspeies; ROS) z A2 4 » Fit3y B R jiE(redox
-activated pathways) 2 # 2 DNA$ 5 - i = 'w " % ¥ (Harman > 2003; Lu &
Finkel » 2008) » =t & B X PF s s G Sl § € WP L # i B ¥ 2 00
A AEER A o

AOULA PR B e Ed kM R R E B g Aas R R
Finh ARE T g P S Wﬁﬁ‘r%\-&% A BB EELETEED
478k Sienimie & ILarg Rk Eﬁ,@ PP AL gt e P zﬂ-}-b ¢
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AVFERAREFZ £ EEF{oE R U] > T E- EphE 2
%” e FEAALRIGHEE > AL ek G VNG R IeERAGE

ARG P Do

AEFEREFIEERELAAEAPTER LG  REVRBFRORE
L ‘3%&\’@?%%%&1 ~enfE ko ik e E S R A Z (]t E 320k
2AENAD K BEF)UE A ELEDLR R RAKT R D
P % [F] 3k kw12 (7 FSH receptor 2 Androgen receptor:i & :u & @ vEE T ;L&p%:i
KREE s ey ,__%;' IR A S R B A ;EEE,IJ Lo A 0 BLRT M 5
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(A). 3k imee B 18 21 pF

APHE L FERERIY CRFRE R TR LA PR LT A
Bljc b B0k 2 T)I0R Bk o &3 (40K 2 ) ISR £ Z Eand B opdE
ORI e > HAg R L fnio sk % RBC lysisbuffer iz 5 o 2 2 384 5 -
TR EAAGLEY o RRE Y 0 EIRBERNA G F D A B L)
FPooAMREY > EFHEADNA; SN REFH AR R LRI BT
EL IR WA

(B). ke tmiz ek ¢h 33 & % e A m,l

£ FEET > A i B % B (Dulbecco's phosphate buffered saline,
PBS) i iissf b im e ﬁﬁ]m2~3” » 12500 rpma s 54 48 0 o m e BB 2 80
IU/ ml st F e i 5+ 37°C e dZ ) 54 48 15 0 £ 12 15008 < 4 48 0 UK T im e



4o x fmoe 4 3k H(DMEM @ 4e » 10% DMSO, 20%%5 % s i) i B ¥4 i /]
B R -80CH PR R F HEEF AT o R I RRZ
REABE AR R R BELE L RETHE ST L or S H B4 g Kk
il R o EATA BB e o 1% 4e8% fad & F PDMEM3S % 3
X "fi ARbHeh e 2 R T 0 U R §RnA g i DMEME % 4] P o
FHFSH= #8518 i%‘r&* 43_71‘ sedrdlH NOG( AGLA7) A Bl Sedr il &> ¥
- B 43_/,] 4r PO98059 (2 U0126)re ¥rMAPK g j5 o 18 iPIFafL 1+ ERKﬁ Akt
b1
(C). e f B d
B R R-ln Fe NUBRRL M B R S (8 RS B TN Y b 11 2%6035 B
T 215 A 4E 0 ML B iRiE S dhie 0 3 F 10.2%:=0Triton X-100 3 R T
AR5 A4 u@iﬁfﬁ bR ks T dh o 1% F ki 10 A& MBI PR
MRz o g 7 10%7 2 FAARLE BERTE R T 2l ) BF N
Img/mi ﬁ?FSH%m@ﬁ'z X el o =X %#mﬁﬁ’v?4Ci—37§l‘ﬁk N UTBST;‘%;'\ s
(Tris-HCl 50 mM, Tween 20 0.025%, pH 7.8)i5i% » 4 3 5 10%%5 2 & 75 TR
st R R T ed210 4480 £ 2 Img/ml = f&%’n‘ﬁg(goat anti-rabbit 1gG) i * 1 |
P UTBST ik %5 ¥ » & ¥2 4 4 > 12 Avidin- biotinylated horseradish
peroxidas 245 44k 0 £ M TBST i ijieb =x » & X544 » X {5 “DAB %
7 (0.05% DBA, 3% ¥ ki3 *-0.05M » pH 7.4 iTris ¢ )ES220 4 4k » £ 12
0.05M » pH 7.4 «3Tris fbrje iejig s =t » & %] 11 70%~ 80%% 90% z’v’ﬂ‘)ﬁﬁﬁ‘@f‘f’.S 2
BB AR 0 RIS H W AJE 0 ARAETRR -
(D).t gt g imie i R R A T2 £ B
(1).% 2~ w2 DNA (Extraction of cell DNA)
B ARSI tA ) PBS 8 R i ke = =00 2848 4~ 0.5 ml lysis buffer
[ 20 mM Tris» 10 mM EDTA - 0.5% SDS] » % »iic& - ¥ - < (12000
rpm> 4°C » 10 &~ 45 ) » B+ ,f;-/,z v e x 25 ul Proteinase K (40 mg/ml) » %
% -kipi®* (50°C »6h)» #4148 4c » 10 pl RNAase (10 mg/ml)-k iz 2 -] pF >
# 4¢ » 500 pl Phenol (pH=8)/chloroform( 1:1);& & 323 > &.< (12000 rpm -
AC » 20 ~ 4a) > Rk B s PIATeRgEs § 3 4e » 3 8 A <0 isopropanol - iR
£353 1% 3-20Ckfa# 8 1/ pF > 2 (s 40 (12000 rpm - 4C - 40 &~
46) » Btk dr 4c ~ 1ml 75% ethanol ;2 & = > » &< (12000 rpm > 4C >
30 & 48)i8 0 p AR L] P 4o i £ 0 TE buffer 3 f2i2% 4 - pl £
Hexk g e 85 DNA & -DNA ik & (pg/ml)= #-13 i #xDNA (OD260
7 ) x (50 ug/ml/ OD260 )

(2) .PCR
B 1 ul (0.5 ug/ul) DNA 4c » 14.9 ul ddH20 2 & » primer % 5'CCCTAA3’
% 5" TTAGGG3',. v » 2.5 ul ANTP (10 mM)12 %2 2.5 ul 10x PCR buffer
(10 mM Tris-HCI » 1.5 mM MgCl; » 50 mM KCI 4= 0.1% Triton X-100) > §=
0.1 pl Taq DNA polymeras, %# PfuDNA polymeras (Super-Therm-5U/ul)



(3).

SRR AR AL 04C 54 e B 1B ERASE 04T 144
57C 1~4 > w2 7T2CF e 2 ~ 48> 217 30 BTk ic» B il L AT
72°CFZ@;20A\§§_’4°C§.-T#.

2 g PCRIP| 2 &

BRI R (R Tl f}fwﬁu £ B 72 PR > & Cawthon *+ 2002 #
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Table 1. The primer sets used in rea-time quantitative PCR

Gene name Length (bp) Primer (5°-3°)
FSH receptor 110 F: GAGATCTCTCAGAATGATGTC
R: TTGATGTAGAGCAGGTTGTTG
Androgen 98 F: CTTGCATGATCTTGTCAAAC
receptor R: CTTCAGACAGCATTTCTGG
Forward-1 CTGAGGCACTCTTCCAGCCTT
Adii Reverse-1 CACATCTGCTGGAAGGTGGAC
-Actin
P Forward-2 CTGGCACCCAGCACAATG
Reverse-2 GCCGATCCACACGGAGTACT
GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTG
36B4 Forward
AGGGT
Reverse TCCCGACTATCCCTATCCCTATCCCTATCCCTA
Forward TCCCTACAGCAAGTGGGAAGGTGTAATCC
telomere

Reverse

CCCATTCTATCATCAACGGGTACAA
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Table 2. Results of relativereal-time PCR from hormone receptor in cumulus
cellsfrom different age group.

Patient
Group o Average Age FSH receptor Androgen receptor
<29 10 27.1+1.9* 1.4+0.5% 4.8+0.8°
=40 15 41.8+0.4 414177 2.2+0.6°
*MeantSD

ab: t-test, P<0.05
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Table3. Resultsof relativetelomerelength in cumuluscellsfrom different

age group
) Total cumulus _
Group  Patient no Average Age T/S ratio/cumulus
number No.
=29 10 65 27.1+1.9* 5.5+0.62
=40 15 S0 41.8t0.4 22 +0.3

*MeantSD, “MeantSEM
T/Sratio: relative telomere to single copy gene (T/S) ratio.
a Mann—Whitney’s U-test, P<0.05
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Table 4. Resultsof relativetelomerelength (T/Sratio) in cumulus cellsfrom
different age compared from oocyte mature, fertilization or day 3 embryo

development.
oocyte fertilization Day 3 embryo
Mature  Immature  Fertilization  Un-fertilization Good poor
. 5.2 2.4° 7.3 36" 4.2 45
- 10.6* 0.8 + 05 1.2 0.8 0.7
~ 40 2.3% 1.7% 242 1.9° 1.72 242
- + 0.3 +0.6 +0.4' + 04 + 0.3 +0.5

*MeantSD, *MeantSEM

T/S ratio: relative telomere to single copy gene (T/S) ratio.

Mann-Whitney’s U-test, & =29 compared with =40 age group in same
development groups P<0.05; b: different development groups comparison in same age

group.
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Figure 1. Relative amount of (A) FSH receptor (FSHr), (B) Androgen receptor (PRr)
in cumulus cells in three different oocyte maturation (M), fertilization (Fer) and day 3
embryo quality groups (D3) . Statistics analysis by Mann—-Whitney’s U-test, * mean
poor v.s. good quality P<0.05.
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Figure 2

Figure 2. Erk protein expression in cumulus cells in control group (A), by PD98059
(B) and U0126 (C) inhibitor. Blue color is stained by DAPI (A1,B1,C1). Green color
isstained by Erk protein (A2,B2,C2). A3, B3 and C3 are merged Erk and DAPI stain
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Figure 3

Figure 3. Erk phosphorylated protein expression in different two cumulus cells
samplesin Al, A2 were negative control group, B1, B2 were supplied U0126
inhibitor ; C1, C2 were supplied with PD98059 inhibitor in . Green color is stained by
Erk phosphorylated protein.
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